The thermodynamic and spectroscopic properties of the iodine oxide species have been reviewed. Recommended Nl.sT-JANAF Thermochemical Tables are given for six gaseous iodine oxides: 10, 010, 100, 101, lIO, and 1°3 , Sufficient information is not available to generate thermochemical tables for any condensed phase species. Annotated bibliographies (over 400 references) are provided for all neutral iodine oxides which have been reported in the literature. There is a lack of experimental thermodynamic and spectroscopic information for all iodine oxide species, except IO(g) and OIO(g). The recommended thermochemical tables are based on estimates for the structure, vibrational frequencies, and enthalpy of formation based in part on the spectroscopic and thermodynamic data for the other halogen oxides [1. Phys. Chern. Ref. Data 25, 551 (1996); ·25, 1061]. Although there is a definite lack of information in comparison with the other halides, this information is provided for the iodine oxides for the following reasons: (1) to complete the study of the halogen oxide family and (2) to stress the need for additional experimental measurements. Of all the species mentioned in the literature, many have not been isolated or characterized. In fact, some do not exist. Throughout this paper, uncertainties attached to recommended values correspond to the uncertainty interval, equal to twice the standard deviation of the mean.
Introduction
As a continuation of previous studies which dealt with the thermodynamic properties of the chlorine oxides, I oxygen fluorides,2 and bromine oxides,3 this study deals with the iodine oxides. We will not discuss the astatine oxides, as there appears to be only an estimated D~ value reported in the literature for AtO(g). Specifically, this study examines the the~odynamic properties of the neutral oxides, not the gaseous ionic and aqueous ionic species. The main purpose of this article is to generate thermochemical tables for iodine oxide species. In general, there are scant data available for the description of the spectroscopic and thermodynamic data for any of the iodine oxides, except for 10(g) and OIO(g). Although the prime emphasis was on the diatomic and tria~omic species, a thorough search of all iodine oxygen spe-CICS was conductcd to dccidc which species had sufficient data. Of the iodine oxides mentioned in the literature, only five have been isolated and (at least, partially) characterized: IO(g), OIO(g), I 2 0 4 (cr), I 2 0 s (cr), I 4 0 9 (cr).
For the time period , there are only 354 citations in Chemical Abstract Services (CAS) dealing with the iodine oxides; of these, 196 are for 1 2 0 s (with the majority of these dealing with commercial· applications, as opposed to providing property data) and 73 references deal with 10. Of the approximately 20 oxides mentioned in the literature however, some do not exist. ' Iodine oxides are also of interest due to their involvement in the transport of iodine in a post-accident nuclear environment, while 10 is of interest both because of its similarity to CIO (ozone depletion) and as a tropospheric ozone sink. Spectroscopic studies have shown that the ground and first excited electronic states of the halogen monoxides play an intermediate role in the photochemistry of upper atmosphere (e.g., CIO in stratosphere and 10 in ionosphere limit the atmospheric abundance of ozone). 1 2 0 s is discussed in many articles dealing with the compound's preparation or reaction. Specifically, 1 2 0 5 has key applIcations in detecting CO(g). Despite this relevance of the halogen oxides, basic physical properties, in particular the vibrational frequencies and molecular geometries, are poorly characterized.
The current study is aimed at providing a complete and thorough coverage of the literature for spectroscopic and ther~ody~amic information. Although it is not the purpose of thiS article to summarize and critique the chemistry of the iodine oxides, all such references are provided here. The references were obtained primarily by use of commercial abstracting services and all NIST Data Centers.
a Since the literature survey revealed so few references in total for all iodine oxides. all citations are listed in Sec. 9 (ReferencesAnnotated Bibliography), except the approximately fifty patents which are not listed or discussed. It should be noted that the reading of the individual articles yielded many additional references, most of which are included in the attached bibliography. Not included are those articles or books (textbooks and handbooks) which are simply presenting a summary of properties, with no critical evaluation. Note that the earliest reference for any iodine oxide species was in the 1800s. However, these bibliographies are not complete in their coverage for the 1800s. Even though many of these citations are not relevant to this study, future investigators will not have to search the past literature, but simply concentrate on the publications since 1994. The current edition (i.e., 1985) of the JANAF Thermoc~emical Tables  4 does not include any iodine oxygen speCIes, whereas the Thermodynamic Properties of Individual Substances s only includes IO(g). This latter critical review referred to data from four spectroscopic studies, three ESR stud~es, one microwave study, and four dissociation energy studieS, the !atest of all these citations being dated 1975. The NBS tables gave information for IO(g) at 298.15 K, for C P , S, H, and the formation properties, but only an enthalpy of formation for ILOj(cr). (Information for four iodine oxide aqueous ions is also included.) Similar information was given in Thermal Constants of Substances,7 although these authors additionally include an enthalpy of formation of a pentoxide hydrate. (Information for one iodine oxide aqueous ion is included.) These latter two evaluations were performed in 1964 and 1965, respectively, and were based on the same references.
There are many NASA-JPL publications on chemical kinetics in which enthalpy of formation tables are given. Of all the iodine oxides, only 10(g) is listed by NASA-JPL. 8 These data are presented without citation or reference to the original source. Most of the recommendations are based upon data in the IUP AC Evaluation (Atkinson et al. 1989 (Atkinson et al. 9 10 ' , 1992 . Some of the values are different from the current IUP AC recommendations, reflecting recent studies that have not yet been ,!ccepted and incorporated into that publication.
IUPAC cites the origin of their values. All citations given by IUPAC are included in this article. Iodine and its oxides were reviewed by Roman II for the Gmelin series. This review covered the literature through 1933 and is an excellent source of information on the oxides for the period of the 1800s. All these references are not included in this article. The Roman review discussed (see pagcs 432 to 442) the following compounds: 110' 1 2 0 j , 1 2 0 4 (or 10 2 ), 1 2 0 5 , 1 2 0 7 , 10 4 , 1409, 1 10°19 , and 1 6 0 13 , The latter two compounds were stated not to exist. The text discussed the formation and stability of the condensed phase oxides. In general, there were property data presented only for the pentoxide. There was a short mention of the thermodynamic information on the formation of 1 2 0 5 (cr) at the time of this review. There were no experimental studies for the gaseous iodine oxides mentioned.
In a 1963 review article. Schmeisser and Brandle l2 summarized the data pertaining to the properties and chemistry of the halogen-oxygen compounds. Although these authors did not specifically discuss 10, they highlighted the fact that only 1 2 0 5 was well defined with only two other oxides having been isolated, but not unequivocally characterized-1 2 0 4 and 1 4 0 9 , A 1968 article by Selte and Kjekshus 13 stated that two oxides 1,P4 and 1 2 0., were properly established whereas the rest have a high degree of uncertainty associated with them. In a 1972 review of the halogen oxides, Brisdon 14 discussed seven iodine oxide species: 10, 10 2 , 100, 10 3 , 10 4 , 1 2 0 4 , and 1 2 0 5 , Whereas there was a spectroscopic characterization given for 10, there was only structural information in the condensed phase given for 1 2 0 4 and 1 2 0 5 , 10 2 and 10 3 were mentioned only in terms of their presumed formation in iodate solutions. A later review (1980) by Wikjord et al. 15 suggested that 1 2 0 4 , 1 2 0 5 , and 1409 have been isolated and fully characterized. crystallographic ally . In 1977, Clyne and Curran 16 surveyed the kinetics of halogen atoms, excited molecular halogens, and halogen oxide radicals. The authors covered the literature through early 1976. Their discussion provided a summary of the bimolecular reactions of CIO and BrO. The authors stated that so far no systematic kinetic studies of 10 had been performed.
(After this article was written and reviewed, we became aware of the existence of another review article by Wayne et al. 17 This article provides discussion on the thermodynamic and spectroscopic data on many bromine oxides. Although not of importance for our purposes, the artIcle also discusses many other topics, including photochemistry and kinetics.)
Tn reading Sec 5, the reader will soon learn that the existence of many of the iodine oxide compounds is questionable. The thermal instability of the iodine oxides has led to numerous difficulties in characterizing specific iodine oxides. The syntheses are not always reproducible. The following summarizes our interpretations of the probable existence of the compounds mentioned:
Exist and have been observed: 10; 102 Postulated: 100; 10 2 . 24 ; 10 3 ; 10 4 ; 1 2 0; 1 2 0 2 ; 1 2 0 8 Hypothetical molecule to describe ternary systems: 1 2 0 7 Observed as crystalline solid: 1 2 0 4 ; 1 2 0 5 ; 1 2 0 6 ; 1409 No conclusive confirmation as to existence: 1 2 0 3 ; 1 6 0 13 ; 1 10 0 19
In the following discussions, analyses and calculations, the 1993 atomic weights of the elements are used: 18 Ar(I)= 126.904 47::!.::0.000 03; Ar(O)= 15.9994±0.0003 are used. Since the mid-1950s, the relative atomic weight of oxygen has changed by 0.0006 to l5.9994. Similarly for iodine. the relative atomic weight has changed by 0.005 53 to 126.90447. However. since 1961 the change has been 0.0003. Relatively speaking, these changes are sufficiently small that we will not consider any conversions due to relative atomic weights.
In addition. the 1986 fundamental constants are used: 19 R=8. In comparison to the 1973 fundamental constants (16), R has changed by +0.0001 J K-I·mol-l . SI units are used for the final recommendations. Since we are dealing only with spectroscopic information, the resulting calculated thermodynamic tables will refer to thermodynamic temperatures. Thus, no te,mperature scale conversions are necessary.
In the following discussions, the numeric values (and their uncertainties if given) presented arc those reported in the original publication in addition to the SI value. This is to ensure quick confirmation of the extracted results and their uncertainties. These uncertainties (not always based on experimental and mathematical analyses) are the values quoted by the original authors and are often not fully described as to their origins. Our reported uncertainties for So and Il f Ho are calculated using a propagation of errors approach. The recommended data presented in the NIST -JANAF Thermochemical Tables are a result of a combined appraisal of results from experimental studies. calculations (e.g .. quantum-mechanical treatments) and estimations. All tables are calculated using the full significance of all numeric values. Rounding occurs at the end of the calculations. The uncenainty given represents our best attempt tor twice the standard deviation.
The NIST -JANAF Thermodynamic Tables (Sec. 6) are calCulated using the current atomic weights and fundamental constants, as well as the thermochemical tables for monatomic and diatomic iodine and oxygen. These latter reference state thermochemical tables, as orginally calculated, were based on the 1973 fundamental constants 20 and the 1981 relative atomic weightsY This will cause a slight offset in the formation properties of the order 0.01 kJ mol-I at mo~t: ~lIch :m off~~t is still outside the uncertainty range of the enthalpy of formation of the iodine oxides. Neumann 22 has presented an identical thermodynamic table for 10(g); this table was. prepared jointly with this author. 1 S. Abramowitz und M. W. Chll5c, Tables for the chlorine oxides," Pure App!. Chern. 63, 1449 Chern. 63, (1991 63, 1827 . 2M. W. Chase, "NIST':':JANAF Thet1nochemical Tables for the oxygen fluorides," J. Phys. Chern. Ref. Data 25.551 (l99(i),  1. Troe, "Evaluated kinetic and photochemical data for atmospheric chemistry: Supplement IV," J. Phys. Chern. Ref. Data 21, 1125 . llW. Roman, "Iodine," System No.8, Gmelins Handbuch der Anorganischen Chemie (Verlag Chemie, GMBH, Berlin, 1933 ). 12 M. Schmeisser and K. Brandle, "Oxides and oxyftuorides of the halogens," Adv. Inorg. Radiochem. 5, 41 (1963) . 13 K. Selte and A. Kjekshus, "Iodine oxides. Part II. On the system H 2 0-I 2 0 s ," Acta Scand. Chern. 22, 3309 (1968) . 14 B. 1. Brisdon, "Oxides and oxyacids of the halogens," Int. Rev. Sci.:
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Chemical Species Coverage
The following is a list of all iodine oxide species cited in the Chemical Abstracts Services (CAS) Indices (formula and substance). Aqueous ions and positive/negative gaseous ions are not included in this study. The chemical name, formula, and CAS Registry Number (when available) are given. This list is complete through Volume 121 of Chemical Abstracts Services (December, 1991) . Numerous citations, covering 1995-1996 are included, but the coverage may not be complete. It is important to note that this listing includes species which now are known not to exist, but they were cited in the early literature. Deleted CAS Registry Numbers are given to assure the reader that all past citations were retrieved. There are difficulties in discussing "a" oxide such as 10 2 in which references are made to 10 2 and 1 2°. + as the same compound.
Similar problems exist with 10 3 /1 2 0 6 and 10.+/1208 . There is not sufficient experimental information to confirm the existence of six of the listed oxides (120, 1 2°2 , 1 2 0 3 , 1 2 0 7 , 1 6°13 , and l lO O I9 ). In addition, there are no experimental data on the gaseous radicals 10 3 and 1°4 , Many of the reported species have been proposed in reaction schemes, but not characterized. Also, it is important to note that there is no information available to suggest the existence of asymmetric isomers of the triatomic species 100 and lIO, although the former has been proposed in a kinetic scheme. Such asymmetric isomers exist for the chlorine, fluorine, and bromine oxides. Iodine oxide IIOOl9
Iodine oxide aThe second formula is intended to suggest the assigned structure. If there is no secondary formula given, this means that no structure has been determined for this species, but the atomic ratio is known. b Articles exist which refer to this species, but there are no definitive data to prove its existence. eln those cases where a deleted CAS Registry Number exists, but no current CAS Registry Number exists, the species has been reassigned to another CAS Registry Number. This is discussed in a later section. dIf no CAS Registry Number appears in this column, then the species is assumed NOT to exist or no characterization has been made.
Historical Perspective of the Iodine Oxide Studies
It is informative to briefly summarize the types of studies which have been conducted through the years on the iodine oxides. Specific references are given in Sec. 9. This section is intended to simply highlight developments through the years. Using the CAS Collective Indices as a backdrop for these introductory comments, the period of 1907 to 1926 (the First and Second Collective Indices) reveals no information as to the thermodynamic and spectroscopic properties of any iodine oxides. For this time period, there are twelve citations (of which nine are for 1 2°5 ); some of these articles refer to additional work in this time period (although not noted by CAS) as well as earlier work. The retrieved information suggests that the preparation and identification of the various condensed phase oxides were still in their infancy. For example, there are articles which suggest that the earlier identification (pre-1907) of the oxides 1 6 0 13 and 1 10 0 19 was incorrect and that the oxide was in fact I 2 0.+ which was (at that time) called, iodine iodate (10 . 103)' Another article suggested that it was not clear as to whether the molecular spe-cies was 102 or 1 2°4 , In any event, there is information on the preparation, existence (or lack thereof), and reactivity of four iodine oxides (all in the condensed or aqueous phase)-I 2 04' 1 2°5 , 1 6°13 , and I lO 0 19 -but not any spectroscopic and thermodynamic data. Of the nine pentoxide articles, four deal with preparative techniques and two with thermal stability.
From 1927 to 1946 (the Third and Fourth Collective Indices), there is continued activity in the preparation of various iodine oxides (only in the condensed or aqueous phase). Three articles ilwolve the preparation of lower oxides (1 2°3 and 1 2°4 ) and their relationship to 1 2°5 , The remaining 25 citations deal with the pentoxide. There is considerable effort in reaction schemes involving the preparation and identification of the pentoxide and its hydrates. Articles on density and diamagnetism (structure) are the first citations on the properties of the pentoxide. Thermal decomposition (to the elements) studies suggest that decomposition "point" is 275 0c. and preliminary spectroscopic data were recorded yielding dissociation energy and rotation-vibration information. Of the 41 citations in this period, 23 deal with the pentoxide, with most of these involving commercial applications. However, some articles report the IR spectrum arid structure of the condensed phase of the tetroxide and pentoxide. Collective Indices), there are 87 references of which 44 refer to the pentoxide. Additonal information on the spectroscopic properties of IO(g) was published. The first calculational information on the vibrational behavior of 10 3 (g) appeared, as well as three articles dealing with the structure and spectra of 1204 in the condensed phase. Although the majority of the pentoxide references deal with reactions and commercial applications, there are four articles which deal with the structure and spectra. No experimental information on the enthalpy of formation has appeared for any of the oxides except IO(g) and some pre-1900 studies of 1 2°5 , Of the 95 articles which are reported in the literature for the time period 1972 to 1981 (the Ninth and Tenth Collective Indices), the majority of the articles deal with IO(g) and 1 2 0 5 (cr). There are numerous spectroscopic and dissociation energy studies on the monoxide. The pentoxide work was heavy on applications. including many patents. although there was continued examination of the relative stability among condensed phase oxides. There were also calculations and estimations involving IO(g). but no experimental studies.
In the time period 1982 to 1991 (the Eleventh and Twelfth Collective Indices), the literature deals primarily (again) with IO(g) and 120:; (cr). The pentoxide studies deal mostly with reactions and applications, with no definitive property characterization. Even the \vork involving IO(g) was related more to reactions, rather than spectroscopic and thermodynamic determinations.
In summary. there are no heat capacity, enthalpy, or vapor pressure studies for any of the iodine oxides, with the exception of one sublimation study for 1 2°5 , There are many articles which detail the preparation and decomposition temperature of various crystalline oxides. There are some early (pre-1900) enthalpy of formation data for 1 2°5 (cr). The spectroscopic properties and dissociation energy for IO(g) have been studied adequately, but the complete spectroscopic determination and enthalpy of formation values for any of the other iodine oxides are lacking. For the iodine oxides, many vibrational frequencies have been determined for the crystalline phase but none for the gas phase except 1°2, In addition, only 10 and 10 2 have been studied in the gas phase. There are some experimental studies in a solution or a matrix.
Summary of the Data for the Iodine
Oxide Species
Spectroscopic Information
The construction of thermodynamic tables for polyatomic gas phase species requires a knowledge of the spectroscopic constants of the molecule including electronic energy levels and degeneracies, vibrational frequencies and molecular structure (including bond angles and bond lengths). This information is necessary for any low-lying excited electronic states, as well as the ground state. These data are obtained from direct spectroscopic measurements, from theory, or by analogy with other similar chemical compounds. In some cases, theoretical quantum mechanical calculations are used. There is some spectral information available on a limited number of iodine oxides in the condensed phase. However, relying on information from the fluorine, chlorine, and bromine oxides, estimates can be made for the structure and spectroscopic properties of I0 2 (g) and I 2 0(g), as well as for the asymmetric isomer.
For the diatomIC molecules, spectroscopic information on the electronic energy levels and vibrational-rotational structure is necessary. Experimentat'data of this type are available for IO(g). Similar information on CIO and BrO is available for comparison.
Thermodynamic Information
The literature survey revealed little or no information on the thermodynamic properties of any of the iodine oxides, except for TO(E), which W;lS cif':rivpci from "pectrm:copic ci;lt;l Although not explicitly cited in Chemical Abstracts, there is a reference for the enthalpy of formation for 10 3 (g) and I 2 0s(cr). There are. however, numerous citations as to the thermal stability of the various condensed phase oxides.
There are insufficient data available to permit the calculation of thermodynamic functions for the condensed phase of any of the iodine oxides_ No heat capacity or enthalpy data are reported in the literature for any of these oxides. There are also no data for the melting of the various condensed phase. Limited stability information is available which refers to the decomposition of 1 2°-1-, 1 2°5 , and 1 4°9 , Melting, if observed, is in combination with decomposition. For the gas phase species, only IO(g) has dissociation energy information available so that an enthalpy of formation may be calculated. No experimental formation information has been reported in the literature for any of the other iodine oxides.
Discussion of Literature Data
The information is discussed in terms of the individual iodine oxide species. All species cited in the Chemical Abstracts formula and substance index are discussed as well as those additional species which are mentioned in the individual articles. This is not to imply that all those species eXIst or have been Isolated and charactenzed. For example, 16013 and 1 10 0 19 do not exist, whereas 1 2 0 3 and 1 2 0 7 , although discussed in many articles, have never been isolated.
The references for each of the following subsections are found in the corresponding subsection of ReferencesAnnotated Bibliography (Sec. 9).
10
There is a discontinued CA Registry Number 50400-00-5 that presumably referred to an unspecified iodine oxide compound, in which the iodine to oxide ratio was one to one.
The reported references for IO(g) may be arbitrarily categorized as follows: l. Spectra (see Table 3 A to determine the temperature dependent (1900-2700 K) equilibrium constant for the dissociation energy of 10. They determined a value of 57 ± 6 kcal/mol at 0 K. This value was calculated from the assumed enthalpy of formation value of 63 kcal/mol at 2000 K. This value is considerably higher than the earlier determined values. Herron and Huie [69HERlHUI] , in their study of the rate constants of atomic oxygen with chloroalkanes and bromoalkanes, stated that the bond dissociation of 10 (238±24 kJ mol-I), as derived from [61PHI/SUG], is the value which is compatible with their iodine atom abstraction mechanism. The value from the [58DURJRAM] study was too small. Singh and Rai [65SINIRAI] calculated RKRV potential energy curves for the X 2IT and A 2n states of 10. The spectroscopic data used as the basis for this calculation were those of Durie et al. [60DURlLEG] and Durie and Ramsay [58DURlRAM] . Using the three-parameter Lippencott function to calculate the dissociation energy from the potential energy curve, the authors arrived at 20 000 em -1. Gurvich et al. (1962) and the dissociation energy value on the results of Coleman, Gaydon, and Vaidya (1948) , Durie and Ramsay (1958) , and Phillips amI Suguell (1961 Blake and Iredale (1946) , Coleman, Gaydon, and Vaidya (1948) , Durie and Ramsay (1958) , and Durie, Legay, and Ramsay (1960) . The recommended spectroscopic information given by Huber and Herzberg [79HUBIHER] was based on the data of Coleman et ai. (1948) , Durie and Ramsay (1958) , and Durie et al. (1960) . The thermochemical table of Brewer and Rosenblatt [69BREIROS] is based on the earlier vibrational and rotational constants data of Durie et al. (1960) and the energy level values of Durie et al. (1960) , Moore (1958), and Herzberg (1950) . The recommended dissociation value of 46 ± 7 kcal was based on the results of Coleman et al. (1948) , Ramsay (1958), and Sugden (1961) .
The articles dealing with 10 2 can be classified as follows. Of prime importance to this article are the spectroscopic and properties studies. There is only one reported study involving this oxide in the gas phase [92GILIPOL] . but there is no experimental structural or enthalpy of formation information. Most citations deal with the assumed existence in an aqueous or matrix media.
CA Registry Number 116854-14-9 corresponds to the isotope 1 17 0 2 (one reference which deals with ESR spectrum [88BYB]). The author measured the ESR spectra of this diiodide embedded in KCI0 4 . From the complicated 17 0 hyperfine structure, he determined the hyperfine and quadrupole tensors of 17 0. Byberg [88BYB] stated that the ground state of the free 10 2 molecule belonged to the representation B 1 of the point group C 2u' The author assumed the bond angle of 010 to be 118°. The analysis of the 17 0 hyperfine patterns of 1 17 0 2 supported the earlier conclusion that the electronic properties closely resemble those of CI0 2 and Br02' An EPR study [81ATHlMOR] suggests that 10 2 in a y-irradiated KI0 2 F 2 crystal is a bent symmetric radical, 010, as are the dlluIille auu blullline l:uunlerparls in l:uIIlpar"ablt:
studies.
An ESR spectrum of 10 2 was obtained from the selective photolysis at room temperature of 10~ embedded in KCIOL[ crystals and the subsequent x irradiation at low temperatures [86BYB] . The author's conclusion was that the C 2u nuclear geometry of 10 2 in KCI0 4 resembles that of CI0 2 in the gas phase. Thus, the bond length of 10 2 , 1.815 A, was taken as that of CI0 2 (1.475 A), corrected for the difference between the covalent radii of chlorine and iodine (0.34 A). However, the bond angle of 10 2 in this lattice could be significantly smaller than that of CI0 2 , 117.6°. Gilles et al. [92GILIPOL] measured the photoelectron spectra of OIO-(g). In addition to deriving the electron affinity of 010, the authors determined two· vibrational frequencies [the symmetric stretch (765 cm-I ) and bend (192 cm -1)]. The structure of the molecule was not determined, but was assumed to be of C 2u symmetry.
Numerous other studies involve the kinetic description of the formation and decay of this transient species in aqueous medium, as well as reacti'(ms involving 10 2 as an intermediate.
A confusing aspect for this chemical species involves the condensed phase characterization: is the "molecule" 10 2 or I 2 0 4 ? The Chemical Abstracts literature references for I0 2 include 1 2 0 4 references. The early references for the dioxide are in fact for the tetroxide. There are two citations for 10 2 which deal with the crystal structure of 1 2 0 4 , Indications are that the structure of the species in the condensed phase is perhaps 10 . 10 3 , The most recent reference to this species is a crystal structure study of 1 2 0 4 in which it was concluded that a chain structure exists: ( ... -1-0-10 2 -0-... ).
lodyl-I02
lodyl (CA Registry Number 71132-73-5), with a structure 010, has one reference reported in CA. This reference [79BRUIFIE] does not appear to give any additional structural information other than that which is provided in the other articles dealing with 10 2 , Brummer and Field reported on the oxidation of Fe (II) to Fe (III) by 10 3 -in strongly acidic aqueous media. 10 and 10 2 are among the seven proposed reactive intermediates.
5.4100
There are three references which propose this species as an intermediate in aqueous reaction schemes [7UCLY/CKU, 77CLY/CUR, 80COO]. This species has not been isolated or characterized. ,
The thermodynamic properties of IOO(g) could be estimated in comparison with the properties of FOO and CIOO, both of which were well characterized. Unfortunately, BrOO is not well characterized.
10 2 . 24
There is only one reference to this species in which its formation in the reaction of iodine with ozone is discussed [80VIKlTOR].
3
The articles dealing with 10 3 can be classified as follows. Of prime importance to this article are the spectroscopic and enthalpy of formation studies. There is no reported information as to the experimental determination of the enthalpy of formation of this radical. There is a calculated value reported by [48F ARlKLE] of -28 kcallmol. Although the authors, Farkas and Klein, stated that they calculated the enthalpy of formation of 10 3 , the formula given is r0 3 -. There are five references of a theoretical nature which deal specifically with the structure and spectroscopic properties of the gaseous trioxide. Unfortunately, there are no experimental studies involving the radical in the gas phase.
The spectroscopic articles for the gas phase radical involve force field calculations of pyramidal XY 3 type molecules [S6VEN/SUN, 63VENfRAJ, 64RAO/SAN, 72RAO, 78THIf MOH] . Contrary to the implications of these five articles, there is no observed structural information nor is there any observed vibrational information. Upon examination of the earlier literature cited by these authors, vibrational frequency information was found for 10 3 ~ in a crystalline environment. Two of the fOlifvibrational frequencies matched exactly with those reported for 10 3 -, These articles have assumed a pyramidal structure with a 0-1-0 angle of 89° (same angle was used for the chlorine, bromine, and iodine trioxides); a bond distance 1- (4) numerous articles on the production of the transient radical in an aqueous medium through flash photolysis and pulse' radiolysis of aqueous iodate solutions. The emphasis in these latter type articles is the explanation of the chemistry through a kinetic interpretation.
Farkas and Klein [48FARlKLE] studied the decomposition of bromate ion in aqueous solution. 10 3 was proposed as an intermediate to describe the kinetics of the decomposition process.
There are three flash photolysis studies of periodate solutions by Barat and Gilles [72BARlGIL] , Klaning and Sehested [81KLNSEH] , and Wagner and Strehlow [82WAGI STR]. Barat assumes the radical 10 4 is an intermediate whereas Klaning assumes 10 3 and an unspecified I(VIII) species are intermediates. In Wagner and Strehlow, the increase in the resistance of the solution during the flash was attributed to the reaction 10 4 -+H+ +-I0 3 +OH.
Two methods proposed for the elimination of the radical were the dimerization to 1 2 0 6 and the reaction with ozone to yield 10 4 , There are no reported studies involving this oxide in the gas phase: i.e, there is no experimental structural, vibrational frequency or enthalpy of formation information. A CA Registry Number exists for 10 4 , but the structure is not determined. The existence of the 10 4 radical had been "established" as a short lived species by Gomberg as early as 1923 f23GOMl, Selte and K,ekshus [68SEL/KJE], in their study of the H]0-I20S system, questioned the existence of 10 4 , There are four recent references which discuss the existence of the I0 4 radical. They all involve the existence of this radical in an aqueous medium, not in the gas phase. There is no information to confinn the existence of this compound, which has been reported in the literature four times: in a 1930 review [30BRA], in 1970 [70AMIITRE], in 1985 , and in 1992 [92MAGILA V]; in two cases it is suggested as an intermediate compound in an aqueous reaction scheme; whereas in the latter two cases it is presented as an intermediate in the gas phase self-reaction of 10.
[70AMIITRE] suggested dimerization of 10 to describe the decay of 10. Similarly, Cox and Coker [83COX/COK] , in studying the rate of 10 decay, proposed that the initial stages of the reaction involved the formation of 1 2 0 2 . J. Phys. Chern. Ref. Data, Vol. 25, No.5, 1996 There is no thennodynamic or spectroscopic infonnation reported for this compound. In fact, this compound has not been isolated or characterized as a separate entity. Although citations are given for this oxide, the discussions only deal with adducts with S03 or the like. The CAS Registry Number corresponds to composition 1 2 0 3 but no structure is associated with this fonnula.
The references include:
The rAS Registry Nnmher corresponding to T 2 0 4 h~s been discontinued. This compound is now referred to as 10 2 . The 1 2 0 4 unit is normally used in reference to the condensed phase, whereas in solution or gas phases, 10 2 is the entIty dIscussed. For thIS reason, the lIterature IS somewhat confusing for this compound, since in the early studies, the dioxide was mentioned where, in fact, the 1 2 0 4 species was really being discussed. There is no thennodynamic infonnation reported for this oxide, although there is some data for the thennal stability (refer to Tables la and lb). There are numerous studies which report structural and vibrational frequency infonnation for the crystalline phase (refer to Table  5) .
A CAS Registry Number 99690-81-0 corresponds to iodosyl iodate with the inferred structure 10+10 3 -. There is one reference to this compound [60DASIW AD]. Dassent and Waddington [60DASIW AD, 63DASIW AD] have provided tentative infonnation concerning the crystalline structure on the basis of infrared spectra, whereas [68SEL/KJE] used a combination Qf x-ray diffraction, density, ir spectra, proton magnetic resonance, DTA and TGA to examine the formation and stability of 1 2 0 4 (er) There are numerous studies on the pentoxide. However, the only direct thermodynamically related information is early references to formation data. (See Table 1 .) There are no heat capacity or enthalpy data, or melting information. There are numerous references to the fact that this oxide sublimes.
The discontinued CAS Registry Number 7790-35-4 probably referred to 1 2 0 5 before its structure was known. The current CAS Registry Number 12029-98-0 refers to 1 2 0 5 with a structure 0 2 1-0-10 2 ,
The numerous citations on 1 2 0 5 may be arbitrarily classified as follows. Note that the distinction between the categories of reaction, detection, and commercial applications is often not clear. Wagman et al. (1968) The stuLiy of 1 2 0 6 is confusing since we must ex.amine four different species: (1) 
3) iodine oxide, and (4) iodine trioxide (103)' Early references were to 10 3 and an unspecified I:P6' It is not clear as to which species truly exists in the condensed phase.
The references for the discontinued CAS Registry Number for 1 2 0 6 (64052-04-6) are not included under 10 3 references. Via a Chemical Abstract literature search, there is one 1 2 0 6 reference [77SIEI\VEI] referring to iododioxygen periodate with a presumed structure 10 2 -;-10 4 -. However, [77SIEIWEI] referred to 1 2 0 6 in its study as iodyl periodate which was J. Phys. Chern. Ref. Data, Vol. 25, No.5, 1996 given a Registry Number of 63912-61-8 [77SIEIWEI] confirmed its existence. The compound was prepared by two techniques and was confirmed as a distinct species by its individual Raman spectra. Diamagnetism studies proved that it is a mixed valence entity; perceived as iodyl periodate, 10 2 +104 -, as discussed in Table 5 . There are no thermodynamically related data.
A recent study [95KRAIJAN] determined the crystal structure of 1 2°0 as a mixed valent oxide, I(VNII).
Alternatively, Wagner and Strehlow [82WAGISTR] suggest that this species supposedly formed from the dimerization of the 10 3 radical in aqueous periodate solutions as a result of flash photolysis.
This condensed phase compound has not been isolated or characterized. It is often cited in terms of being the end member in ternary systems, but the 1 2 0 7 portion of the triangular diagram has not been studied. There are fourteen references for this compound: six preparations and eight ternary systems (X-1 2 0 7 -H 2 0). 1 2 0 7 is considered the hypothetical anhydride of periodic acid H 5 10 6 • The current CA Registry Number refers to an iodineoxygen compound in which the atomic ratio is 2:7 but no structure is given. (There is a discontinued CA Registry Number 20270-38-6.)
The ternary systems are as follows: This condensed phase compound has not been isolated or characterized. It is postulated to exist in aqueous reaction schemes. The CAS Registry Number corresponds to the structure 0 3 1-00-10 3 , Wagner and Strehlow [82WAG/STR] , in the flash photolysis of periodate in the pH range 2.44 to 4.90 using conductometric detection, observed three reactions, one of which was attributed to the hydrolysis ot 1 2°8 , The authors stated that ozone oxidized 10 3 to form 10 4 , which in tum dimerized to 1 2 0 8 , This citation provided no indication of the structure.
There are sufficient reliable studies to indicate that this compound does exist in the crystalline phase. The current CAS Registry Number corresponds to a structure 1(10 3 h and a name, iodine iodate. (A discontinued CAS Registry Number 73560-00-6 also exists, which most likely refers to an 1409 species with an unknown structure.) There are no studies which provide numeric thermodynamic information. That is, there are no studies on the heat capacity, enthalpy, melting, or enthalpy of formation.
The information on 1409 may be arbitrarily classified as follows: and not a mixture of 1 2 0 5 and 1 2 0 4 , This study provided tentative vibrational assignments for five types of vibrations (1=0 stretch, 0-1=0 symmetric stretch, 1-0 stretch, 010 deformation, 101 deformation). The vibrational frequency assignments were made by analogy with 1 2 0 4 and
The earliest reference dealing with the preparation of this solid compound is by Kaemm~rer (1861).
The study by Kappeler [12KAP] questioned the existence of this oxide and indicated that it was most probably 1 2 0 4 , This conclusion was further supported by [64DAE/KJE]. There are no studies since 1912 which have been able to prepare this species. This compound is assumed not to exist.
The earliest reference dealing with the preparation of this solid compound is by Millon (1844/45) .
The study by Kappeler [12KAP] questioned the existence of this oxide and indicated that it was most probably 1 2 0 4 ,
This conclusion was further supported by [64DAE/KJE].
There are no studies since 1912 which have been able to prepare this species. This compound is assumed not to exist. No experimental procedure for formation of 1205
Step-wise dissociation: sublimation of HIO;-I:Os Decomposition:
Decomposition:
5I.o9~91205+!' 140!;1"--'-" 120 5 -12 have been taken from other sources O+CI reaction in crossed molecular beams; authors preferred a slightly higher 10 bond energy value than that proposed by 75RADIWHI; 55 ± 2 kcal mol-I Calculated from reaction trends in log D.rHo; trends based on data from JANAF Thermochemical Tables (1985  Supplement) 
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Transition B-X system o A cn-x
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1 2 0 4 50WILlDHA 57SYM 60DASIWAD 61WISIHAN 63DASIWAD 69GRUIMUR 70GRUILUR 75JON 76DALICAR
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Bond distance Structure X-Y (A) X-ray spectrum of solid 1 2 0 5 Infrared spectra, partial Raman spectra; *bond length-see 70SELIKJE
Infrared and Raman spectroscopy of crystal; *1-0-1 stretch vibrations of bands 610-400 cm -I, 12 infrared bands observed between 850 and 670 cm -I attributed to 1==0 stretch, four 1-0-1 bending modes attributed to bands around 100 cm-I but no assignment made; discussion of structural models; partial force constants given Existence of 1 2 0 6 is confirmed, according to Raman spectra and vibrational fequencies; diamagnetism proves mixed valence iodine; the compound is described as llU iodyl periodate *Raman spectra of amorphous solid at room temperature observed and tentative assignments made: strong Raman bands at 800 cm -I attributed to 1=0 stretch, bands in frequency range 400-500 cm-I attributed to 1-0 stretch, and the band at 692 cm -I is assigned to 0-1=0 symmetric stretch; confirms 1409 existence Tables   NIST -JANAF Thermochemical Tables for IO( IOI(g) (Sec. 6.5), and IIO(g) (Sec. 6.6) are presented on the following pages. .lL. F. Phillips and T. M. Sugden, Trarls. Faraday Soc. 57, 914-20 (1961 .... 10 (9) .... We adopt an enthalpy of fomJation value which is ba~ed on an assumed relatIOnship of t.
NIST-JANAF Thermochemical

"H°(lO),p)/3=O.9Do(10).
An enthalpy of formation value has been reported by Farka~ and Klein. 1 This vllue, -28 kcal'mol-(-117 kJ'mol-I ), is derived from absorption spectra mea~urements of iodate ions in solutions. There is considerable uncertainty in this value, both in terms of the experimental mea'>urements and the fact that the authors have interchanged 10.1 and 10.1-, This corresponds to an average bond energy of 241.9 kJ·mol-l • Since this value is greater than Do(lO) , it is suspect.
Heat Capacity and Entropy
• The structure of this molecule is estimated to be pymmidal with aO-I-O angle of [89t and a bond length of 1.79A in analogy with the corresponding chlorine and bromine oxide molecules. VenkateswMlu and Sundaram,l Venkate~warlu and Rajalakshmi/ Rao and Santharnma,4 Rao,s and Thirugnanasambandam and Mohan 6 assumed the same structure and bOld angle for CIO), BrO) and 103• Using Badger's rule, the authors examined the relationship between the vibrational frequencies and force constant; for the three pyramidal molecules -CIO), BrO), and 10 3 , Although these authors refer to early measurements of the vibrational freqlencies, the values appear toJC in part those of the ion 103 -. Their reported values are adopted here although we treat them as estimated values. The vibrational frequencies are derived from the force constants which describe the other halogen oxide molecules. J. Chern. Phys. 16(9), 88(r.93 (1948) . lK. Venkateswarlu and S. Sundaram, Proc. Phys. Soc. (London) .\.69, 180-3 (1956) . )K. Venkateswarlu and K. V. Rajalakshmi, Indian 1. Pure Appl. Phys. 1,380-2 (1963) .
'c. G. R. Rao and C. Santhamma, Current Sci. 33i22) , 677-8 (1964) .,
• Sc. G. R. Rao, Sci. Cult. 38(12),522 (1972 .... 
Enthalpy of Formation
For the series XOXlg) [where X = F. CI, Br, 11. there are only reliable experimental data for CIOCI(g). Assuming that the values Do(CIO) and 11.,lr(CIOCI,g) are rec,sonable, we adopt the ratio of the numbers (1.52) to apply for a similar relationship between IO(g) and IOI(g). The ratio for the corresponding bromine oxides is approximately 1.6.
Heat Capacity and Entropy 120 (9) ..... IO(g), OIO(g), 1 2 0icr), 1 2 0s(cr), 1 4 0 9 (cr). Only early stud~es mention 16013 and 1 10 0 19 ; it would appear that these specIes do not exist. 10 3 and 10 4 are proposed as intermediates in solutions or crystalline environments, with only an absorption maximum as a characterization. The other species are proposed to exist but there are no definitive studies as to their isolation and characterization.
In Table 6 , a summary of the recommended thermodynamic properties at ambient conditions for six gaseous iodine Qxides (10, 010, 100, r0 3 , 101, IIO) are given. Even though there is a severe lack of experimental or calculational data for these six iodine oxides, tables are being generated for these species to match the corresponding fluorine, chlorine, and bromine oxides. The brackets indicate estimated values.
The recommended values contain significant uncertainties. In all cases, experimental enthalpy of formation data are needed. However, the prlme effort should be directed at confirming the dissociation energy of IO(g) and determining the enthalpy of formation of OIO(g). Further efforts should be directed towards establishing the enthalpy of formation for the remaining four gaseous species. For any uf tl!t; I:Jvlyatomic gaseous species (except 010), spectroscopic measurements for the geometry and vibrational frequencies would greatly reduce the uncertainties in the resulting thermal functions. For OIO(g), two of the three vibrational frequencies have been observed experimentally. The main thrust in this study of the iodine oxygen system is to verify the existence of the various iodine oxygen species and to obtain spectroscopic data for them. Additional confirmation is needed as to the existence of the condensed phases, although this is a much lower priority. There seems to be little demand for heat capacity and enthalpy measurements at this time.
Note added. After this article was accepted for publication, two additional references on the dissociation energy of IO(g) were brought to our attention:
• D~(I0)=234::t5 kJmol- 4~15 (1996) .
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